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0 Two-dlmanaional color detector 



<^ The present invention entplo/s a spactral and 
spatial combiner (132) tliat is capable of maintaining 
equal optical path lengths of each spectral beam so 
that a single combined bear {148) can be produced 
and can be employed. In a number of different ap- 
plications sucii as a color camera device (Rgura 28). 
a color recording device (Figure 23), a graphics 
presentation device (Figure 27), an electronic color 
filter device (Figure 30), a color projector device 
(Rgure 25) and a multi-channel optical communica- 
tion device (Figures 31 and 33). 
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TWO-DIMENSIONAL COLOR DETECTOR 



Background of the Invention 



A. Field of Invention 

The present invention pertains generally to op- 
tics and more specifically to color separators, color 
combiners and inventions utKteing color separators 
and color combiners. 



B. Description Of The Background 

Gclor imagers Include color video cameras and 
color scanners for commercial printing. Color im* 
agers transform color pictures into machine reada- 
ble data. This is accomplished by dividing a color 
image into many small portions called pixels. The 
color imager separates light from each pixel into 
red. blue or green light. Numbers assigned to each 
pixel of the color innage represent the red, blue, 
and green light. A fast, high resolution, accurate 
color imager would enhance the usefulness of 
computers and automate numerous tasks. For ex- 
ample, computers can print and display color Im- 
ages. However, the lack of fast, accurats, and high- 
resolution means for transfemng color images into 
a computer limits the use of this capability. In the 
early prior art, discrete optical components, such 
as beamsplitters and color niters, separate the col- 
or components of an image. DIchroic beamsplitters 
have been widely used due to the combined func- 
trons of these devices as both beamsplitters and 
filters. Oichroic beamsplitters employ selected mul- 
tilayer dielectric interference optical filter coatings, 
hereinafter refsned to as dichroic coatings. Typi- 
cally, color separation is achieved by placing two 
discrete dichroic beamsplitters in the optical path- 
way bet/veen the projection tens of the imager and 
its photosensors. The first dichroic beamsplittsr 
reflects a first spectral band (e-g., green] to the first 
photosensor while transmitting the remaining spec- 
tral bands to the second dichroic beamsplitter, T?ie 
second dichroic beamsplitter reflects a second 
band (e.g., red) to a second photosensor while 
transmitting the remaining spectra! band (e.g., blue) 
to the third photosensor. The disadvantage of this 
approach Is that the respective dichroic beamsplit- 
ters and photosensors must be .oreclsely aligned; 
ofhemise. the color components will not have the 
proper optical coincidence. The costly alignment 
process limits the use of this prior art color separa- 
tor. Dichroic beamsplitters (dichroic prism), as well 
as other pnor art techniques of color scanning are 



described more hjily in a Japanese art'cle entitled 
"Image Scanners," OEP November 1986. PP. 18- 
22. As disclosed therein, the dichroic prism re- 
quires each sensor to be placed on a different 
s plane. 

With the advent of low-cost solid-state 
photodiode aaay photosensors, various attempts 
have been made to develop low cost color separa- 
tion techniques for color scarmers and video cam- 
70 eras. 

Solid-state, photodiode arrays with integral col- 
or filters have been commercialized by Hitachi. 
Toshiba, Sony and RCA. These devices employ a 
two-dimensional anray of photodiodes on a single 

rs silicon substrate. The array is coated with a gelatin 
layer, into which color dyes are selecfively impreg- 
neted, using standard maslcing techniques. Each 
photodiode is, thus, given an integral color filter, 
e.g.. red. green or blue, according to a color pat- 

20 tem which Is repeated thnjughout the amay. The 
same technology has been applied to one-dimen- 
sional photodiode array sensors for line scanners. 
The latter devices have been commerdailzed by 
Toshiba and Falrchlld. 

25 A prior art color imager using photodiode ar- 
rays is shown in Figure 1. The single linear 
phctodiode array 23 has individual organic dye 
filters Impregnated over each photodiode in a re- 
petitive red. blue and green pattern. Color separa- 

30 tion. the breaking down of a color ima^ Into red, 
blue and green light, is achieved by focusing the 
light beam on the array, as shown in Figure 1. One 
red, green and blue photo(£ode grouping 25 pnD- 
vides information to one color pixel. This prior art 

96 technique has several disadvantages. Since three 
photodiodes supply information to one pixel, the 
pixel resolution Is reduced to one-third. For ac« 
curate color imaging, the luminance detail and 
chroma of a given color pixel fn^m the original 

40 image must be resolved by three optically co- 
inddental photosensor elements. However, the pri- 
or art photodiode anays do not have color-co- 
incidence. The red light is detected from one loca- 
tion, green from another, and blue from a third 

46 location, in addition. two«thlrds of the .light incident 
on each photodiode Is lost by filter absorption (e.g., 
a red filter absorbs green and blue spectral bands). 
In order to increase the resolution, the array 23 
must be lengthened or the photodiode area must 

50 be decreased. However, either of these approaches 
to increase the resolution will proportionately de- 
crease scan speed. Also, the dye filters have less 
color band purity than dichroic niters. The prior art 
approach dasaturates color sensitivity and Is other- 
wise spectrally inaccurate. 
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Another prior art color imager using photodiode 
anraya has a rotating color whsal composed of 
colored filter segments. The len? focuses a line 
image of the original object on a linear photodiode 
array. The rotating color wheel filters the projected a 
line image in a repeating color sec^uence, e.g., red, 
green, blue. The signal for each color connponent 
of a given tine image Is stored digitally until aii 
three color components have i^eed detected. The 
eignale are then reordered in memory to assign ic 
three color values to each pixel in the iine image. 

The color wheel color separation technique has 
the advantages of utilizing the full resolution of the 
photodiode anay as well as utINzirg dichroic filters. 
However, it has several disadvantages. The scan ;s 
speed is one-third of the integrai sensor/filter scan 
speed, since only one of three colors is detected at 
a time. Also, further speed reduction results from 
transitions between filter segments during rotation 
of the wheel. When the color wheel and scan line 20 
are continuously driven, as opposed to synchro- 
nously ''stepped ^ the effective resolution of the 
photodiode array is diminished in the scan dlrec> 
tion by the movement of the scan line through the 
cols' cycle of the color wheel. Another disadvan- 2s 
tage is the size of the color wheel which limits 
device extensibility. Page-width "contact" or 
"traversing head" type scanner embodlmsnts be- 
come impossible or unwieldy. Further, this prior art 
device is burdened with a large moving mechanism 30 
and the control of this mechanism. 

The Sharp Corporation of Japan has introduced 
a third prior art color separation technique ftr color 
document scanning. The Sharp scanner employs a 
single photodiode array with three sequentially-fir- j6 
ed colored fluorescent lamps (e.g.. red. green, 
blue), as the Imaging light source. The sequence of 
signals obtained by the photodiode array Is directly 
analogous to the color v^heel color separator That 
is. the Input to the photodiode array is a sequential ^ 
input of the red, green and t3lue components of a 
given original line image. Llltewise, the. photodiode 
signals for each color component are digitally 
stored and reordered In memory at the end of each 
color cycle. iS 

Uke the color wheel color separator, the tri- 
colored lamp approach provides imaging means 
that utilize the full resolution of the photodiode 
an^ay. Several shortcomings, hovvever, limit the 
speed and color integrity of the imager. In order to so 
obtain correct color separation, the light output 
from each lamp should de extlngulsed before the 
firing of the next lamp in sequence: blended lamp 
output produces undersaturated color detection. 
Scanning speed, as a result, Is limited by the as 
persistence time of the phosphors utilized in each 
fluorescent lamp or the ability to dynamically sub- 
tract out the signal produced by the decaying light 



output of a previously fired lamp. Color integrity is 
further limited by the selection of phosphors having 
persistence values sufficiently low to meet com- 
mercial scan speed specifications. Typically, exter- 
nal absorption filtering of the lamps Is required to 
obtain the desired spectral ctiaracteristics or each 
lamp output. As v/ith the color wheel color separa- 
tes when the scan line is continuously driven, as is 
desirable lor scan speed, the effective resolution of 
the photodiode array is diminished in the scan 
direction by the movement of the can line through 
the color cycle of the sequentially-fired lamps. The 
size and bulk of tfie optical system comprising the 
three lamps likewise restricts device extensibility 
toward "contact" or "traversing head" type scanner 
applicatfons. 

Color combiner devices suffer from many of 
the same disadvantages and limitations as the col- 
or separators set forth above. A color combiner, as 
defined herein, comprises an optical device for 
taking Individual color components and spatially 
and spectrally combining each of the individual 
beams Into a single optical t)sam vi^terein each of 
the Individual color component beams have co- 
incident optical axes. The prior art does not dis- 
cicse any device that is capable of combinlng^ 
Individual spectral beams, as described, tn a sim- 
ple and sasy manner. 



Summary of the Invention 



The present invention overcomes ttie disadvan- 
tages and limitations of the prior art by providing 
an optical device for spatially and spectrally com- 
bining a plurality of substantially paraliel optical 
beams such that the optical axes of each of the 
plurality of optical beams are coincident and form a 
singie combined beam and the optical path lengths 
of each of the Individual optical beams is substan- 
tially equal. The present invention is also capable 
of spatially and spectrally combining beams that 
allows imaging from a single object plana to a 
single image plane. 

The present invention also comprises a optical 
color imaging device for generating a color image 
on an image plane in response to an electronic 
imaging slgn^ using an optical device for spatially 
and spectrally combining a plurality of optical 
beams having different spectral ranges and spa- 
tially separated optical axes to form a single com- 
bined bsam with coincident optical axes. The op- 
tical color imaging device can be utilized for pro- 
jecting a video image, recording a document scan 
signal, or other similar applications of an imaging 
device. 

The present invention can also comprise a 
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cc!or image detector device for generating a color 
electronic image signal representative of a color 
image formed from an image beam focused on an 
image plane by using a spectral separator for spa- 
tiall/ and spectrally separating the color image 
t^eam into a plurality of optrcaJ t^aams that liave 
predeienmined spectral ranges and substantially 
equal optical path lengths. 

The present invention may also comprise an 
electronic color filter device that uses a spectral 
separator for spatially and spectrally separating an 
input optical beam into a plurality of individual color 
beams mat are spectraily and spatially separated. 
An aperture device can be used to control the 
intensity of each of the color beams. 

The present invention may also comprise an 
electronic color filter that uses a spectral combiner 
to combine a plurality of color beams from a spec- 
tral separator, or a piurailty of sources of color 
beams, into a single combined output beam. The 
combiner can be designed such that the opticai 
axes of each of the color beams have substantially 
equal optical path lengths and are substantially 
aligned with a single optical axis. 

The present Invention may also comprise a 
inultipld channel fiber optic communication device 
that Is capable of transmitting multiple channels on 
a single fiber optic by using a plurality of optical 
beams having different spectr&i ranges that are 
combined for transmission tfirough the fiber optic 
and are separated after transmission through the 
fiber optic. 

An advantage of the present Invention Is that 
the spectral separator and combiner optical compo^ 
nents are compact, inexpensive and easy to mehu* 
facture. Another advantage of the present invention 
Is that the optical components produce color co** 
incidence within a pixeL That is, each portion of a 
pixel generates all three color components so as to 
provide exact color convergence and line acuity. 
The in'/entlon also provides accurate spectral and 
spatiaJ separation as well as accurate spectral and 
spatial combination. 

The optical combiner and optical separator 
components of the present invention are also ex- 
tremely efficient in comparison to convenlional fil- 
tration techniques since dichroic reflective layers 
are used Essentially all of the incident light striking 
the components is transmitted with very fittie eb- 
sorption. A conventional filter typically absorbs two 
spectral bands to transmit one. Since essentbily all 
of the visible light is utilized, maximum speed is 
achievable for a given optical system. 

Additionally, ihe optical components of the 
present invention do not require costly opticai 
aiignmenr. The dichroic coatings are precisely sep- 
arated by glass plates and'or precise separator 
devices in the manufacturing process. This separa- 



tion is detenrtined by considering the refractive 
indices of the substances used in the opticai sepa- 
rator and combiner components as well as the 
angles of incidence to provide a very precise align- 
6 men! The optical separator and combiner compo- 
nents provide equal optical path lengths for each of 
the Individual beams with minimal alignment prob- 
lems, 

Also, since the present invention uses substan- 
w tially parallel, spatially separated, spectral beams 
for both the combiner and separator optical compo* 
nents, a single object and Image plane are em- 
ployed in accordance with the present invention. 

Brief Description of tJie Drawings 



Figure t is a prior art color sensor. 
20 Rgures Z and 3 show dichroic beamsplitter 

plates. 

Figure 4 shows a trichromatic beamsplitter 
made from the dichroic beamsplitter plates shown 
in Figures 2 and 2B. 

29 Figures 5 and 6 show the photosensor In- 

tegrated circuit and photosensor arrays, respec- 
tively, used to detect light beams from the trichro- 
matic beamsplitter shown in Figure 3. 

Figure 7 shows the trichromatic photosensor 

JO shown In Figure 9 positioned to detect light beams 
from the trichromatic beamsplittaf shown In Figure 
4. 

Figure 8 shows a constnjctlon means for the 
.trichromatic beamsplitter. 
36 Rgure 9 shows an alternate embodiment of 

the trichromatic beamsplitter shown in Rgure 7 
with a prism attached. 

Figure 10 shows the dual frichromafrc beam- 
splitter with an attached prism. 
40 Figure 11 shows an assembly view of the 

dual trichromatic beamsplitter with a prism. 

Rgure 12 shows an optical system employ- 
ing the dual trichromatic beamsplitter with a prism. 
Figure 13 shows an Isometric view of the 
as dual trichromatic beamsplitter with a prism. 

Rgure 14 shows an alternate embodiment of 
the invention. 

Rgure 15 is a test apparatus for the filters. 
Rgure IS is the spectral transmission of the 
sc filters in Rgures 2 and 3. 

Rgure 17 is the output of the lamp tailored 
to the spectral transmission shown in Figure 16. 

Rgure 18 is a schematic cut-away view of 
the trichromatic beamsplitter of the present inven- 
55 tion mounted with focusing optics and a three line 
CCD photocfiode array. 
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Figure 19 is a schematic dlagiBm illustrating 
one embodinnent of the optical component of the 
present invention that can function either as a coior 
separator or a color combiner. 

Figure 20 lilustrates ar^other embodiment of 
the optical component of the present Invention that 
can comprise either an optical separator or an 
optical cambtner. 

Figure 21 shows another embodiment of the 
optical component of the present Invention that can 
comprise either an cptical separator or optical com- 
biner. 

Figure 22 Illustrates the manner in which the 
plate separation and angle of incidence can be 
varied in the optical component that can comprise 
either the color separator or color combiner. 

Figure 23 is a schematic side view of a coior 
printer embodiment of the present invention. 

Figure 24 rs a schematic pian view of a three 
line liquid cr/stat display <LCO) shutter device. 

Figure 25 is a schematic side view of a color 
projectbn device. 

Rgure 26 is a schematic plan view illustrat- 
ing three matrices of a liquid crystal display (LCD) 
shutter. Alternatively, Figure 26 can schematically 
represent three matrices of light emitting diodes. 

Rgure 27 is a schematic Isometric view of 
both a color Imaging and a color projection device. 

Figure 2B is a schematic side view of a coior 
imaging device. 

Rgure 29 Is a schematic plan view Illustrat- 
ing three matrices of photo detectore. 

Rgure 30 is a schematic side view of an 
electiionic color filter device. 

Figune 31 is a schematic side viev/ of a 
multiple channel ffber optic communication device. 

Rgure 32 is a schematic representation of 
the use of three color lasers as an optical source. 

Rgure 33 is a schematic side view of an- 
other embodiment of the multiple channel fiber 
optic communication device. 



Detailed Description of the invention 



Figure 2 illustrates a single layer dichroic op- 
tical component that comprises a substantially 
transparent optical support medium 60, such as a 
glass plate, that is optically flat and a dichroic layer 
50 that is deposited on one side of the glass plate 
60. As shown in Rgure 2. an input optical beam SI 
is spilt Into two spatially and spectrally separated 
optical beams 53 and 56. Dichroic layer 50 reflects 
optical radiation having a predetermined 
wavelength and transmits ad other radiation along 
optical beam 55. Because the index of refraction of 
air i5*different than the index of refraction of glass. 



the portion 57 of optical beam 55 is refracted at a 
different angle through the glass plate 60. 

Figure 3 illustrates the manner in which a glass 
plate 62 can be coated on two sides with two 

5 dichroic layers 52 and 54 to spilt an incoming 
beam 59 into three spatially and spc^ctrally sepa- 
rated beams 6i . 63. 65. Optical beams 61 and 63 
are transmitted In parallel directions as a result of 
the parallel faces of substantially transparent op- 

ic tical support medium 62. 

Rgure 4 illustrates the manner in which two 
apticaily flat transparent optical support media 60 
and 62 can be attached to provide three substan- 
tiaQy equally spaced dichroic layers to produce 

/s three substantially paraliei optical beams 3, 9, 10 
that are both spatially and spectrally separated. In 
accordance with the present invention, precise 
spectral and spatial separation of a projected line 
image is achieved tht)ugh composited dichroic 

20 beamspittters, as shown in Rgure 4. The optical 
separator 58 consists of precisely ground and pol- 
ished glass plates 60 end 62 coated on one or both 
faces with dichroic coatings SO, 52, and 54. At each 
dichroic coating 50. 52« and 64, incident light is 

2s either reflected or transmitted according to 
wavelength with negligible absorption loss. The 
composition of the dichroic coatings 50. 52, and 54 
can be designed for accurate bandpaes filtration. 
Dichroic coatings are well known In the art of 

QO optics. Dichroic coaiinge typically consist of 20 or 
more alternating high and tow refractive index op- 
tical fayers vacuum-deposited to an accumulative 
thickness of, typically, about one to three microns 
on a giess surface. The material composition and 

3S method of deposition can be designed for very 
accurate spectral bandpass filtration. A variety of 
dichroic filters, consisting of a single glass plate 
front surface coated with a dichroic coating, are 
commercially availabte fronn a variety of sources 

40 (s.g., Optical Coating Laboratory. Inc.. located in 
Santa Rosa. California). 

The plate 2. shown in Rgure 4, is designed 
such that incident liglit strll<ing dichroic coating 50 
at 45 degrees reflects blue tight (approximately 400 

4G - 500 nm.) while transmitting red light and green 
light. 

Plate 3. shown In Figure 4, is coated on both 
faces with dicnroic coatings 52 and 54 such that 
incident light striking a first dichroic coating 52 at 

50 nominally 45 degree reflects the red spectral band 
(e.g.. 600 -700 nm.) while transmitting the green 
band. The green light striking a second dichroic 
coating 54 and having an optical axis oriented 
nominally 45 degrees from the dichroic coating is 

55 reflected. The raflected green light is caused to 
pass back through the glass plate 62 and through 
the other cychroic coatings 52 and 50 at a 45 
degrees angle. As shown In Rgure 4. each of the 
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components 8. 9 and 10 of the incident light are 
reflected at 90 degrees to incoming tjeann 67, The 
reflected red and green components 9 and 8 are 
parallel and separated from each other by a dis- 
tance determined by the glass plate 82 and dioh- 
n:ic coating thickness 54-. the plate 62« and the 
angle of incidence. Similariy, the blue and red 
components 10 and 9 are separated by a distance 
detemf>ined by the ihlcknese of glass plate 60, 
dichrcic coating 50, the index of refraction of the 
plate 60 and the angle of incidence, 

A trichromatic separation of an incident light 
beam can be achieved througfi a composite of 
beamsplitter plates 2 and 3. as shown In Rgure 4. 
Each of the three spectrally-tailored dichrolc coat- 
ings 50, 52. and 54, are separated by the thickness 
of glass plates 60, 62. Incfdent light stftking the first 
dichrolc coating, and having, for example, an angle 
of Incidence of 45 degrees fron the dichrolc coat- 
ing, is filtered such that the blue spectral band Is 
reflected. The unreflected bands (red and green) 
are transmitted to a second dichrcic coating S2 
located between the glass plates 60 and 62. Coat- 
ing 52 reflects the red spectral band. The remain- 
ing band, i.e., the green spectral band. Is reflected 
from the third dichroic coating 54. The red and 
green spectral components exit the composite 
beamsplitter 56 through the glass plates 60 and 62 
and dichroic coatings 50 and 52, essentieily unper- 
turbed. Thus separated, red, green, and blue com- 
pcnents of the mddent light beam are reffected ^ 
90 degrees to the principal incident beam with a 
parallel spatial separation wNch is solely deter- 
mined by the thickness of the glass plates 60, 62, 
and dichroic coatings 50. 52, and 54. and the 
refractive indices thereof. The order in which the 
reflected color bands have been presented is by 
example only. It is further obvious that a minnor 
coating could be substituted for the third dichroic 
coating 54, since only the third remaining color 
component reaches that coating interface. 

A suitable photosensor for use with this inven- 
tion is shown in Figure S. Photosensor t1 is prefer- 
ably a single chip, single package solid state de- 
v»ce having three linear photosensor arrays, 12, 13 
and 14, precisely aligned and spaced to coincide 
wfth the focused line Images S, 9 and tC, respec- 
tively, shown in Figures 4 and 7. Such devices can 
be made using known technologies. For example, 
numerous photosensor array devices are now com* 
merdslly available. Most prominent are photodiode 
arrays with charge-coupled shift registers (CCD 
photcserisors). Such single line CCD photodiode 
array devices are commercially available from Fair- 
child Semiconductor, located in Palo Alto. Califor- 
nia, Toshiba, located in Japan, and other com- 
panies. The photosensor anay devices have com- 
rrercial resolutions ranging from 128 to over 5000 



photoelements per line. The spacing, between 
photoelements typically ranges from 10 to 62 
microns. Thus, the design and manufacture of a 
photodiode an'ay shown in Figure 5 uses known 
5 tdchnologies to produce the three parallel 
photosensor arrays 12. 1 3 and 14. 

As illustrated in Figure 6. a distance "D' sepa- 
rates the photosensor anrays 12. 13, and 14. As 
shown in Figure 7, the distance "D" is related to 

10 the separation of the dichroic coatings 50, 52, and 
54. and angle theta of the photosensor 11. The 
distance betwen photosensors 12 and 1:3 does not 
have to be equal to the distance between 
photosensors 13 and 14. The three photosensor 

15 arrays 12, 13, and 14 have common clock Inputs 
for synchronlzatfon. As Is well known in the art, 
Integrated circuit photolithography processes are 
capable of aligning and spacing the three linear 
photosensor arrays 12. 13 and 14 to submicron 

2Q precision. The combined spatlai precisiOT of the 
described trichromatic beamsplitter 56 and three 
photosensor array detectors. 12. 13 and 14, allows 
accurate coincidence of the detected images with 
the single line image of tHe original. 

25 The preferred an^ngament of trichromatic 
beamsplitter 56 and photosensor 1 1 is shown In an 
and view in Rgure 7. Due to the variations in path- 
length-through«glass between the three separated 
color components, beamsplitter 56 and photosen- 

30 sor 1 1 are mounted to have an inclusive angle less 
than 90 degrees, typically 80 degrees for nominal 
glass refractive Index. The inclusiva angle is in- 
dependent of the focal distance between the lens 
and photosensor. At the inclusive angle, the three 

js separated color components will properly focus on 
each respective linear photosensor array 12, 13 
and 14. The spatial separation of arrays 12, 13. and 
14 is directly determined by the thickness of the 
glass plates 60 and 62, dichroic coatings 50, 52. 

40 and 54, and the refractive Indexes of the optical 
support medium 60 and 62, (Standanj lens for- 
mulas are used to calculate the angle and separa- ' 
tlon distances.] Trichromatic beamsplitter 58 and 
photosensor 11 are preferably assembled in a 

4$ housing that maintains the desired angles and dis- 
tances, and that consolidates the parts into a single 
pacicage. 

As is well known in optics, a focused light 
beam transmitted through as glass plate at an 

so angie of incidence other than 90 degrees is subject 
to obBque spherical aben-ation. This causes astig- 
matism. Increasing glass thickness and angle of 
incidence exacerlaate the astigmatism. The red. 
blue, and green spectral components experience 

ss different degrees of degradation due to their dif- 
ferent path length through the glass and the high 
angle of incidence (45 degrees). This compromises 
the focus and resoiution of the color separation 
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tdchnique to the extant that the chromatic foci 
through the trichromatic beamsplitter occur beyond 
the depth of focus provided by the Imaging lens. 

In the prefen^d embodiment, the thickness of 
the glass plates 80 and 62 and dichrolc coatings 
50, and 54, and the spatial separation of the 
three photosensor arrays 12, 13, and 14, in 
photosensor 1 1 are collectively minimized to ren- 
der negiigibla the otherwise optical defidenctes 
and minimize cost. Snce thin glass plates (on the 
order of .1 to .2 millimeter) are difficult to grind and 
coat without substantial warpage, a pretended meth- 
od of beamsplitter manufacture wilt Include a thick 
glass substrate 70, shown in Figure 8, from which 
the trichromatic beamsplitter 56 is built up. In this 
preferred method, the thic[< glass substrate 7Q is 
ground flat polished and coatsd with dichrolc coat- 
ing 54. Glass plate 62 ie bonded using an optical 
cement. The exposed surface of glass plate 62 is 
then ground flat and polished to provide the de- 
sired thickness cf coating, comont and glass as 
measured through the composite. In a Wke manner, 
glass plate 62 is coated with dichroic coating 52, 
then bonded to glass plate 60. at which point the 
surtece of plate 60 Is ground and polished to the 
desired thicltness. Finally, dichroic coating 50 is 
deposited on the exposed surface of plate 60. 
Using said fabrication method, trichromatic beam^ 
splitter 56 can be manufactured from relatively 
large glass sheets from which many beamsplitters 
may be cut at minimum part cost 

An alternate embodiment utilizes a single pair 
of beamsplitter plates and a single prism. As 
shown in Figure 9, the Incident light beam Is 
aligned to Impinge a first base side 30 of right- 
angle prism 1 at a normal angle and transmit 
therein to the hypotenuse face 32 of the prism 1 
which the (ight baam impinges at 45 degrees. The 
composite beamsplitter 56 of Figure 4. consisting 
of beamsplittere 2 and 3. Is attached thereto. A 
trichromatic separation of the red, green and blue 
spectral components of the Incident (Ight beam 
occurs as previously described. The three reilected 
component beams ra-enter the prism 1 and are 
directed toward the second base side 34 of the 
prism. The component beams exit the prism at 90 
degrees to its base side 34 and with an optical axis 
spatial separation (SORT 2)x where k is the thick- 
ness of tiie glass, optical cement and dichroic 
coating between two adjacent dichroic coatings. 
Irrespective of the lens used to focus through 
beamsplitter 56, the three component light beams 
will focus on a plane oriented at an angle theta » 
arctan 2 (n-Vn) to the second base side 34 of 
prism 1 , where n is the refractive index of the glass 
prism 1 and beamsplitter plates (for n = I.5t7, 
theta = 34.26 degrees). The three linear array 
l^otosensors 12, 13. and 14, as previously de* 



scribed, are aligned on said plane at angle theta at 
the iocstion of foci of the three component beams. 
Trichromatic beamsplitter 56 with the prism 1 al- 
lows a 90 degree angle of incidence to glaae and 
6 chrcmatic focusing to each sensor an^ay 12, 13, 
and U. 

In order to align photosensor 11 to be per- 
pendicular to the optical axes of the color-sepa- 
rated beams, the dual trichromatic beamsplitter 

fQ with prism 59 shown in Figure 10 is adopted. In 
this embodiment, the path-lengths-lhrough-glass of 
the color-separated beams are made equal by the 
reciprocal arrangement of the trichromatic beam- 
splitters 56 and 58. 

fs As shown in Rgure 10, the inodent light beam 
ie aligned to impinge the hypotenuse face 32 of 
right angle prism 1 at a normal angle and transmit 
therein to a first base side 30 of the prism 1 which 
the light beam impinges at 45 degrees. The com- 

so poerte beamsplitter 5S of Figure 4 Is attached 
thereto. A trichromatic separation of the red, green 
and blue spectral components of the incident iight 
beam occurs as previously described. The three 
reflected component beams re-enter the prism i 

2S and are directed toward the second base side 34 of 
prism 1, each separated beam impwnging the sec- 
ond base side 34 at 45 degrees Incidence. A 
second conriposlte beamsplitter 58 is attached to 
ths second base side 34 of prism 1 . The plates 60 

so and 62 and the dichroic coatings 50, 52. and 54. in 
beamsplitters 56 and 56 are Identical. However, ths 
orientation of tiie composite beamsplitters 56 and 
56. and the multilayer dielectric coatings 50, 52. 
and 54. on each base side 30 and 34 of the prism 

35 1 are reversed so that the path lengths of each 
component color beam entering and exiting the 
trichromatic prism beamsplitter 59 are identical. 
That Is, a component color beam, such as blue, 
reflects off the dichrolc coating 50 on plate 60 

40 located on base sids 30. Next, the blue component 
reflects off the dichrolc coating 50 on plate 60 
located adjacent to base side 34. In a like marher. 
a red component cotor beam goes from middle 
filter 52 on base side 30 to middle filter 52 on base 

45 side 34, and the green component reflects off a 
backside filter 54 to a front side filter 54 as shown 
in Figure 10. Reflected beams from the trichro* 
made beamsplitter 58 adjacent to base side 34 are 
directed out of prism 1. The beams are perpen- 

5c dicular to the hypotenuse side 31 and parallel to 
the Incident light beam. The thickness of the beam- 
splitter glass plates, 50 and 62, and the dichrolc 
coatings 50. 52, and 54, determine the separation 
of the reflected beams. Thus, the dual trichromatic 

£5 beamsplitter 59 provides an equal path lengtin 
through the glass for ail color components. Also, 
the light enters and leaves the prism at a nomnai 
angle of incidence. 
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An alternative embodiment of trichromatic 
beamsplitter 59 could omit prism l. Without the 
prism 1, incident light impinges the beamsplitter 56 
and 5S at 45 degrees, creating astigmatic foci at 
the focal point of photoser)eor ir The degree of 
effect due to the astigmatism is a function of the 
depth of focus of the projection lens in the accom- 
panying optical system, the spatial separation of 
the various dichroic coatings composing the tri- 
chromatic beamsplitter and the angle of incidence 
of the beams. The primary advantage of such an 
alternative embodin^ent is the removal of glass in 
:ne opilcdi paih tor which a lens must correct. 

By way of example only, art optical system 
employing the trichromatic beamsplitter 59 of Fig- 
ure 10 is shewn in Figures 12 and 13. A similar 
optical system can be employed with the beam- 
splitters 56 and 58, and prismtess beamsplitter 59, 
in Figures 7, 9 and lO, respectively, or a beamsplit- 
ter that separates an incident Ifght beam Into more 
than three spectral bands through the compositing 
of multiple beamspdtter plates. A line Image 7 of an 
original object Is projected through an aperture 75. 
as sho-/vn In Figure 12, by a lens 6 through the 
hypotenuse face of prism 1 such that the optical 
axis of the incident beam is normal to said face. 
Aperture 75 Is constructed to block Images from far 
away adjacent object lines about the principal ob- 
ject line 7 which would otherwise allow multiple 
separated images to strike the photosensors. The 
incident beam Is separated into Its three color 
components as previously described. The blue, red 
and green components emerge from the prism I 
as line images & 9 and 10. respectively. Since the 
individual path lengths of the color oomponent 
beams through the beamsplitter 58 are identical, 
the said line Images 8, 9 and 10 reside on a single 
plane which is perpendicular to the hypotenuse 
face of prism 1. The spatial separation of the three 
line images 8. 9 and 10. Is determined by the glass 
plate spacing of the six dichroic coatings, 50, 52, 
and 54. on the beamspiifter plates 60 and 82. By 
carefully tolerancing the individual thicknesses of 
beamsplitter plates 80 and 82. ^e spatial sepaj-a^ 
tion of focused line (mages 8. 9 and 10 can be very 
accurately determined and maintained. This feature 
is particularly suited for trichromatic photo detec- 
tion on said monolitWc soBd state photosensor 11 
shown in Rgure 12 and 5. Each line image, 8. 9 
and to. is electronlcaliy detected by one of three 
parallel spaced photosensors, 12. 13 and 14. 

An assembly viw of the described trichromatic 
beamsplitter 59 is shown in Rgure 11. The lour 
beamsplitter plates 2. 3, 4, and 5 are oriented 
about prism 1 as shown and secured together with 
optical cement according to standard practice. Said 
optical cement is selected to have matching refrac- 
tive Index v/ith the glass. Typical optical cements 



are polyester or acrylic bases. In the assembly 
process it is important to minimize glue line thick- 
ness, preferably micron to submicron glue films, to 
minimize random variation in the spacing of the 
6 dichroic coatings on the beamsplitter plates. This is 
typically accompiished by the application of heat 
and pressure to the composite structure during the 
adhesive process. 

Referring now to the beamsplitter dimensioning 

w shown In Figure 10, assuming the dichroic coatings 
50. 52. and 54 are separated by a distance X, the 
incurred separation of the three focus line images 
8. 9 and 10, will be (SORT 2){2x), The separation 
Of the dielectric optical filters. 50. 52 and 54, is 

}5 dominated by the glass pi ate thickness (the filter 
SO, 52 and 54 thickness is typically 3 micrometer 
for standard dfchrolc coatings). Thus, the glass 
plate thickness principally determines the separa> 
tion between image lines Q, 9 and 10. Variations In 

io image lines 8. 9 and tO separation are detemnlned 
by variations In glass plate separation. For exam- 
pie, (0 maintain image lines 8. 9 and 10, a spacing 
tolerance of 7 microns (one-half of standard 13 
micron photoelement) a glass plate thickness toler- 

25 ancd of 2.5 microns (0.0001 inch) is required. Such 
glass thickness accuracy Is available using conven- 
tional grinding and polishing procedures and equip- 
ment. 

The color component's path length through the 

ao trichromatic beamsplitter 59 is {Z)^''^A -t- 2(2)'^X 
where A is the dimension of a base side of prism 
1, as shown In Figure 7A. Reasonable small vari- 
ations in the base and plate dimension can Lisually 
be handled by normal depth of focus characteris- 

J5 tics of most lenses. 

As previously indicated, the line images 8. 9 
and 10 and photosensor arrays 12, 13, and 14 
preferably have matched spacing. Thus, the spac- 
ing between photosensor arrays 12, 13, and 14 

40 should be <SORT 2)(2x) when the spacing between 
the dichroic coatings SO. 52 and 54 is x in beam- 
splitter 59 as shown in Rgure 10. Thus, an array 
spacing of 1 .0 mm required a beamsplitter plate 60 
and 82. thickness of ,35 mm. for beamsplitter 59. 

45 Under normal conditions, dichroic coatings 50. 52, 
and 54, applied to glass plates of such small thick- 
ness will cause a mild bowing of the glass piate. 
During assembly of beamsplitter 59. however, the 
bow can be removed by the plate's adherence and 

50 conformity to the rigid flat surface of the prism 1. 
Reasonable minimum array spaclngs for CCD 
photodiode arrays are about .2 to .3. Such mini- 
mum spacings 6\ci^B beamsplitter plates 60 and 
62. on the order of .07 to .2 MM. thick, depending 

55 on the beamsplitter embodiment utilized. To 
achiev/e these dimensions in manufacture, the qre- 
\/iously described fabrication technique of Figure 8 
is recommended, it is obvious that this technique is 
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applicable to all of the aforementioned trichromatic 
beamsplitter emt)Odiments. 

The profile view of Figure 12. has the appear- 
ance of a "projection" imaging apparatus. TTtat is, 
a reiativdy long object line 7 is projected into 
smaller Image lines 8, 9 and 10 via lens 6. In such 
a system, the photoelemenis 80 shown fn Rgure 6 
In the photosensor an^ys 12. 13 and 14 must be 
proportionately smaller than the desired scanning 
resolution of the original* The advantages of such a 
"projection" type scanning dsvlce is the use of a 
small photosensor arrays 12, 13 and 1 4. 

The present invention is not limited to 
"projection" optics and, in fact, is quite extensible 
into other product and application forms, (n particu- 
lar, the present trichromatic beamsplitter 59 and 
three linear array photosensor 1 1 can be packaged 
with a fiber array lens 15 to produce a "contact" 
type scan head 57, shown in Figure 14. "Contact" 
type scan heads 57 principeiiy use lenses with 
unity magnification. As such, the lens and sensor 
can be compacted in close proximity to the origi- 
nal. (Tne scan head does not actually contact tlio 
original as the name would imply.) 

Fiber array lenses 15 are well known in the 
Imaging freld and are a product of Nippon Sheet 
Glass (Japan) under the name SelFoc Lens. The 
fiber array lenses IS are available In small and long 
length such as page width. The fiber array lenses 
15 are made of glass fibers of given length. Each 
fiber ads as an individual lens since chemical 
treatment varies the refractive index as a function 
of its radius, in this instance, the lens array 15 
projects the One image of an original 7 through the 
trichromatic beamsplitter 59 to three linear array 
sensor 11. The length of the Ions anray IS, beam- 
splitter 59 (or other previously described beamsplit- 
ter embodiment) and photosensor 1 1 , as It moves 
into the page in Rgure 14, is determined by the 
application: relatively long lengths for page width 
scanning (e.g., 8.5 inches long) or short lengths for 
''traversing" type scanning in which the scan head 
57 is caused to traverse back and forth over the 
original object by an external mechanism. For 
equivalent scanning resolution, the contact (unity 
magnification) type scan head 57 shown in Figure 
14 requires proportionately less stringent tolerance 
on beamsplitter plates 2, 3, 4 and 5 thickness in 
comparison to the projection type scannsr shown 
in Rgures 12 and 13. On the other hand, for 
equivalent scan width, the contact scanner 57 must 
be proportionately longer as measured by the ratjo 
of the lens magnifications, unless the scan head 57 
is traverssd across the original. 

A significant advantage of dichroic coatings 50, 
52 and 54 over other filtration techniques \s design 
versatility with respect to bandpass wavelengths 
and the slope and crossover characteristics of the 



band pass. Very sharp step functign bandpass as 
well as controlled slope crossover with adjacent 
cotor bands is controller by a number of layers, 
material type, and coating layer thicknesses In a 
5 given filter. In the visible spectrum very clean ban- 
dpass discrimination can be achieved between red, 
green and blue or cyan, magenta and yeltow. By 
contrast, conventional organic dye filters, as used 
in the prior art, are typically not as welt-defined and 

w usually have close band or multiple t^and titration 
characteristics which ultimately prevents accurate 
color separation, usually due to undersaturation of 
a given detected trichromatic color. 

The teachings of the present invention have 

rs been prindpally applied to color document scan- 
ning. Scanned document Images, in this instance, 
are displayed on a color monitor. The accuracy of 
the color separation is judged by the likeness of 
the displayed image colors Co that of the original 

20 document. To obtain cotor ridelity, the color sepa- 
ration must match the spectral characteristics of 
the mdivldual red, green and blue phosphorus in 
the monitor display screen. This was successfully 
achieved by using dichroic beamsplitters 16 and 17 

25 and a phosphor-tailored fluorescent lamp 22 in a 
test apparatus, depicted in Rgure 15. The test 
apparatus utilizes three single linear array CCD 
photosensor 18. 19 and 20 (Toshiba TCO 102C-1) 
with a 2048 element array. 

00 Referring to Figure 15, a fluorescent iignt 
source 22 illuminates the surface of an originai 
document 21 . A line image of the original seven is 
projected onto a beamsplitter assembly, consisting 
of dichroic beamsplitters 16 and 17. by lens 6. 

35 Beamsplitters 16 and 17 are flat glass plates coat- 
ed on one side with dichroic coatings 50 and 52, 
respectively. Beamsplitter 18 is designed to reflect 
blue light while transmitting red and green spectral 
bands. The blue light is reflected to a first CCD 

40 linear-array photosensor 18. with beamsplitter 18 
tilted at 45 degrees to the incident light beam. 
Beamsplitter 17 reflects red light to a second CCD 
photodiode array sensor 20. The beamsplitter 
plates are Optical Coating Lab commercial blue 

46 and red 45 degrees Dichroic Color Separation Fil- 
ters. The green line image passing through both 
beamsplitter plates is captured by the third CCD 
photodiode array sensor 19. Beamsplitter plate 17 
is also aligned at 45 degrees, as shown. 

so The band pass characteristics of the collective 
beamsplitter assembly of Figure 15 is shown in 
Figure 16. Although ihe crossover wavelengths be- 
tween color bands is clean and spectrally accurate 
for separation, the reflected bands do not share the 

55 spectral shape and balance of the output device's 
color palette. Output devices include monitors and 
hard copy devices. Spectral accuracy, in this case, 
is most easily provided by spectrally tailoring the 
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light source 22. Ruoraecent lamp phosphors can 
be blended to achieve a wide variety of spectra. 
Hie spectral bandpass characteristics of the dich- 
roic coatings 5€ and 52, can be used to choose 
phosphors of the lamp 22 so that the color separa- 
tion cf the coatings SO and 52, will match the 
monitor's display phosphors. The result ot the HP 
Color Model study was a lamp specification used 
t>/ Sylvania Lamp to prototype a scanner lamp 
source 22. The prescribed phosphor recipe (from 
Hewlett-Packard Company) and tiie spectra ot the 
prototype lamp, as made and measured t)y SyH 
vania. is shown in Figure 1 7. 

Thd spectra of the spectrally-tailored fluores- 
cent lamp as s^arated by the dichrolc beamspll^ 
ters 16 and 17 and detected by CCD photodlode 
anrays 18, 19 and 20, produce a color gamut nearly 
equivalent to standard monitor phosphor output. 

Figure 18 Is a schemaUc diagram showing a 
cut away view of the optical componwit 100 of Ihe 
present invention employed as a trichromatic 
beamsplftter device. As shown In Rgure 18, an 
input beam 102 is focused by a lens 104 which Is 
held by a tens holder 106 capable of focusing the 
tens very precisely on the detector surface of the 
three line CCD array 108. Input beam 102 im- 
pinges upon the optical surfaces of the optical 
separator 100 and is separated Into three predeter^ 
mined colors to form three optical beams having 
predetermined spectral ranges that are carefully 
selected by the dichnDic layers placed on the op- 
tical surfaces of the optical separator 100. As 
shown on PIgure 1 8, the first dichroic layer device 
100 is disposed such that the angle of Incidence of 
the optical axes of input beam 102 is approxl- 
mateiy 22.5 degrees. Input beam 102 Is then split 
Into three spatially and spectrally separated beams 
that are transmitted to a second dlchn^ic layer 
device 112 which is also disposed at approximately 
22.5 degrees to the optical axes of each of the 
spatially and spectrally separated optical beams. 
The second dichrolc layer device 112 Is normally 
constructed in the same manner as !^e first dich- 
rolc layer device 1 10 so that the three separate 
optical beams that are transmitted from the second 
dichrcic layer device have equal optical path 
lengths to a predetermined image plane. As shown 
in Figure 18, the detector device t08 is disposed 
on the Image pigne that Is substantially normal to 
the optical axis of input beam 102. Each of the 
three spafiaily and spectralty separated optical 
beams is focused on a separate line detector array 
on detector 108 so that a line scan of. for example, 
a document, results in each of the colors from the 
line scan being detscted simultaneously on the 
detector surface of detector 108 as a result of the 
equal optical path lengths of each of the individual 
specraiiy separated beams. The dichrolc layer de- 



vices 110 and 112 are precisely held in the posi- 
tions illustrated by a mounting device 114 that 
includes am support etructures 118» 118 and 120 
that extend between two side portions. The support 
5 structure 114 Is open in tfie central portions to 
allow light to be transmitted to the optical compo- 
nent 100 and subsequently to detector 108. Detec- 
tor 108 is also precisely located In the mounting 
device 114 by way of interface surfaces 122 and 

10 124. Signals derived from detector 108 are fed 
directly to circuit board 128 via connecters 128 and 
130 tiiat comprise a plurality of connectors. 

Figure 19 iilustrates an alternative manner In 
v/hlch the optical component of the present inven- 

15 tion can be constructed and utilized. As shown in 
Figure t9, the optical component 132 can be used 
to sepsHBte an input beam 134 Into three separate 
spatially and spectrally separated beams 136. 138 
and 140. Alternatively, tiie optical component 132 

20 can be used to combine three spatially and spec- 
trally separated Input beams 142. 144, and 146, 
Into a single combined output beam 148 that spec- 
trally and spatially combines each of the Input 
beams such that each optical axes of the input 

2$ beams 142, 144 and 148. are coincident as shown 
by output beam 148. Of course, all of the optical 
devices illustrated and described herein can be 
used in this manner as an optical combiner as long 
as the opticai axes of each ot the spatially and 

30 spectrally beams Is aligned properly with the op- 
tical component, such as optical component 132. 

Figure 18 also illustrates the manner in which 
each of the dchroic layer devices ISO and 152 can 
be constructed. As illustrated in Rgure 19, dichrolc 

35 layer devices 150 comprises a substantially trans- 
parent optical support medium 154 tiiat is coated 
on tx>th sides with dichrolc layers 156 and 158. 
The substantially transparent optical support me- 
dium 154 is supported by spacers 160 and 182. 

40 tiiat are attached to a substrate device 164 having 
either s totally reflective surface 168. or a surface 
coated with another dichrolc layer to provide a 
specified spectral range to be reflected from sur- 
face tea. The space between the surface 186 and 

46 the dichrolc layer 158 can comprise an air gap or 
can be filled with an optically transparent medium 
or can be evacuated, depending upon the appllca- 
ton of the optical component 132. As shown in 
Figure 19, the optically transparent support me- 

50 dlum 154 can comprise a glass plate that has a 
higher refractive index in the surrounding air, caus- 
ing tiie individual optical beams to be nsfracted at 
different angles. Since the optical surfaces are re- 
versed in dichrolc layer device 152. tiie opticai 

55 path lengths are adiusted so that they are equal in 
length to a plane that is substantially normal to the 
optical axes of each of the individual beams. Of 
course, the same Is true whether the optical com- 

10 
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pcnent 132 is being us6<l as a color separator or 
color combiner. The difference in the refractive 
Index of the glass plate versus the air gap does (lot 
cause a change In optical path lengths due to the 
fact that the surfaces from which the beams are s 
reftected is reversed on the subsequent dichroic 
layer device as long as the glass plate has an air 
equivalent path length of the air gap. 

As illustrated in both Rgures 13 and 19. the 
angle ef incidence is approximately 22.5 degrees 
for each of the dichroic layer devices. The low 
angle of Incidence and the very small plate size 
that is used in many applications results In minimal 
astigmatism so that more expensive optical prisms 
can be eliminated without noticeabie degradation of is 
Optical quality. 

Figure 20 iilustratea an optical component 163 
that can be constructed in an alternative manner. 
Optical component 166 can comprise first and sec- 
ond dichroic layer devices 170 and 172. tfiat can 20 
be used for either spectrally and spatially combin- 
ing or separating optical beams. As shown, dichroic 
layer device 170 has a substantially transparent 
optical support medium 174 that has dichroic lay- 
ers 176 and 178 disposed on two substantially flat 25 
sides. The substanlially optically transparent sjp- 
port medium 174 is attached to a substrate 110 
having either a totally reflective surface 182, or a 
surface coated with another dichroic layer to pro- 
vide a specified spectral range to be reflected from 30 
surface 166 by way of an optical glue 184 that is 
capable of transmitting substantially ali optical radi- 
ation. The optical glue, such as previously dis- 
closed above, can have an inde)^ of refraction that 
closely matches the optically transparent support 36 
medium 174 to prevent a change in the angle of 
refraction within the dichroic layer device 170. As 
mentioned previously, the optical transparent sup- 
port medium 174, for many applications, must be 
very thin to produce the desired spacing between 40 
the beams. Coating of the dichroic layers 176 and 
178 on the glass plates 174 may result in a bend- 
ing or warpage of the optical transparent support 
medlunn 174. However, substrate 180 has sufficient 
thickness to prevent warpage and has a substan- 45 
tiaily ffat reflective surface 182 to which the optical 
transparent support medium 174 can be attached 
by way of the optically transparent glue 184. Prop- 
er attachment of the optical transparent support 
medium 174 to the substantiaily flat reflective sur- so 
face 132 can provide sufficient support to maintain 
a substantially flat surface on optical transparent 
support medium 174. Of course, the thinner the 
glue layer is between optical transparent support 
medium 174 and the substantially flat reflective S5 
surface 182, the stiffer the glue line beconnes 
which, In turn, further restricts relative movement 
To provide even additional support, a glass plate 



with a thin layer of adhesive on both sides can be 
used ii place oi the optical glue 184. Again, dich- 
roic layer device 172 would typically be construct- 
ed in the same nnanner as dichroic layer device 
170 to simplify the overall optical component 1 68, 

Figure 21 illustrates an alternative manner of 
constructing a dichroic layer device 188. Again, 
Figure 21 Illustrates that the dichroic layer device 
186 can be used either as a beam splitter or a 
beann combiner. 

Additionally, only one composite dichroic com- 
ponent 186 Is illustirated, although additional com- 
posite dichroic componsnt devices can certainly be 
Utilized to equalize optical path lengths and direct 
the opdcal beams to different locations. 

Rgure 21 also illustrates that a plurality of 
optical transparent support madia 138, 190. 192, 
194, and 198, can be used to either separate or 
combine a plurality of beans. Of course, any num- 
ber of beams can be combined or separated using 
the techniques of the present invention. As shown 
in Figure 21, each of the optically transparent sup- 
port medium 188, 190. 192. 194. and 196, have 
dichroic layers 198. 20O, 2C2. 204. and 206. dis- 
posed on Its front layer. Spacers 208, 210, 212. 
214, 216, 218. 220 and 222. support and separate 
each cf the optically transparent support media 
188. 190. 192, 194. and 196. Where large separa* 
tion of the individual spectral beams occurs or is 
desired, the dichroic layer device 1S6 illustrated In 
Figure 21 is ideally suited. The spacing provided 
by spacers 206. 210. ?,12. 214. 216, 218. 220 and 
222. can be varied to account For Uie increased 
thickness such as the Increased glass thickness of 
each of the optica! transparent support media 188. 
190, 192. 194, and 196. as the beam is transmitted 
through the dlchrcic layer device 186 to Insure 
proper alignment of each of the Individual spectral 
beams. Of course, optical glues, angles of inci- 
dence, plate thlci<nesses, use of prisms and other 
techniques, such as described herein, can be used 
in any of the devices shown, to reduce the effects 
of astigmatism and prevent other possible prob- 
lems. Of course, it should be understood that any 
manr.sr of supporting and separating substantially 
parallel dichroic planes can be used in addition to 
the glass plates, glue layers, spacers, etc., dis- 
closed herein. The method of support and separa- 
tion of a plurality of dichroic planes is secondary to 
the primary invention disclosed herein which com- 
prises the use of a plurality of dichroic planes 
disposed at an angle to the optical beams for either 
spatially and spectrally combining or separating the 
beams. Additionally, the last optical transparent 
support medium 196 car be replaced with a totally 
reflective surface as described above. 

Figure 22 illustrates other implementations of 
the optical component 224 of the present invention. 
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As jilustreted in Figure 22, the spacing of the 
dichroic layer devices 226 and 228 can be 
changed as well as the angiee of impingement, 
Theta One and Theta Two of ttie optical beams 
with the dichroic layers devices 226 and 228, re- 
spectfvoiy. Additlonatty, the total included angle 
th€ta three can also be varied to direct the optical 
beams to a predetermined plane. It is possible to 
maintain equal optical path iengihe as well as vary 
the spacing between *jie optical axes of each of the 
indiviciuai spectral beams by varying both the angle 
ci impingement and the plate thicknesses. As men- 
tioned previously, the materials utilized in the dich- 
roic layers devices 226. 226 can also be different 
to change the index of refraction as well as the 
path length of the optical beams within the dichroic 
layer devices to provide an additional manner of 
adjusring the optical component 224 of the present 
irr/entton. For the purposes of simplicity, Rgure 22, 
as well as other drawings disclosed herein, have 
t^een atdpm *^thout the angles of refraction Illus- 
trated. 

Figure 23 is a schematic side view of a color 
imaging device 230 that generates a color image 
on a recording medium 232 located on an image 
plane. As illustrated (n Rgure 23, an illumination 
source 234 provides a source of white tight which 
is filtered by filters 236 tc provide three separate 
color beams that have predetermined spectral 
ranges and function as three separate sources of 
illumination. The color filters 238 are located adja- 
cent tc a liquid crystal display (LCD) device 238 
tf'.at is further Illustrated in Figure 24, 

Referring to Figure 24, the liquid crystal dis- 
play device 238 has three linear arrays 240, 242, 
244 of liquid crystal display shutters that are ca- 
pable of transmltdng light on a continuously vari- 
able gray scale from essentially a total throughput 
level !o approximately opaque in response to an 
electricai control sign^. A rBsolutlon of approxi- 
nrkateiy 1000 elements per inch can be obtained fn 
LCD arrays, such as illustrated in Figure 24. As a 
means of comparison, fine grarn film may typically 
have a range of resolution of 600 to 800 line pairs 
per Inch. Hence, a very high resolution can be 
obtained using LCD shutters. LCD shutters are 
available through several manufacturers Inciudlrg 
Epson Corporation and Sharp Corporation in Japan. 

Referring again to Figure 23, the three optical 
beams 248, 248. and 250. that are transmitted from 
LCD shutter 238 have been adjusted in intensity to 
represent the color intensity of a single (Ine of 
information to be recorded on recording medium 
232 m accordance with the image Information pro- 
vided by the control signal. Optical beams 248. 
248. and 2S0. are directed through optical compo- 
nent 252. which can comprise any of the optical 
components disclosed herein, and are focused by 



lens 254 onto the recording madia 232. As illus- 
trated, the three separate lines of information pro* 
\/ided by each of the line matrices 240. 242 and 
244 (Figure 24), is combined into a single beam 

5 having coincident optical axes such that each pixel 
element comprises a combination of the three pri- 
mar/ colors from each of the optical beams 246, 
248 and 250. This results in very high convergence 
and line acuity that Is not possible using other 

10 techniques. For example, one method that has 
been contemplated for recording documents in this 
manner utilizes a CRT color monitor that is focused 
on a recording document with each of the colors 
sequentially exposed on the recording media. fMot 

15 only does this technique require three separate 
exposures of the recording media, which is expsn* 
sive and time consuming, line acuity and conver- 
gence are extremely low because of tfie triad of 
colors that are required in CRT coior monitors. 

20 The recording media 232 of Rgure 23 can 
comprise a wide rarge of recording media. For 
example, tfie present Invention could be used for 
presentation graphics by using a special color ex- 
posure paper available from Mead Company. The 

2S Mead paper is coated such that, when it Is exposed 
to light, It changes chemically. The paper is then 
run through a roller which crushes the chemicaliy 
altered coating to produce a color print. Addition- 
ally, recording medium 232 can comprise photo- 

30 graphic film or any other recording medium ca- 
pable of recording optical radiation, Including non- 
visible radiation, Rollers 256 function to advance 
the recording medium 232 and can be driven con- 
tinuously or in a step fashion using a stepping 

35 motor to correspond to the manner in which th© 
control signal is applied to LCD shutter device 236. 
Alternatively. LCD shutter dsvice 238 can comprise 
three arrays of light emitting diodes (LEDs) tiiat 
produce three different spectra of light in response 

40 to a control signal. In that case, the illumination 
source 234 and filters 236 can ba eliminated. 

Figure 25 is a schematic side view of a projec- 
tion device using the optical component 260 of the 
present invention. As illustrated in Rgure 25. the 

46 optical componant 260 is constructed in a manner 
similar to optical component 186 illustrated in Rg- 
ure 21 but can comprise any of the implementa* 
tions of the optical component of the present Inven- 
tion. As mentioned previously, the spacing between 

so the glass plates can be adjusted for the refraction 
prcduced in the glass plates. For example, if the 
angle of incidence Is 22.5 degrees, as schemati- 
cally illustrated in Rgure 25. the angle of the beam 
within the glass plata changes to approximately 

55 14.61 degrees for glass. To account tor added 
glass thickness, each of the spacers must provide 
additional space for subsequently deeper layers in 
the optical comoonent 260. Of course, the advan- 
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tage of ths spaced plate optical component 260, 
illustrated in Figure 25. and optica) component 186. 
iilustrated In Figure 1. is that as long as the glass 
plates are thick enough to provide an optically flat 
surface without warpage, the spacers provide auio- s 
matic alignment of the glass plates to an accuracy 
of approximatety two microns. 

Figure 25 illustrates a t^o-dimensional projec- 
tion device in which an optical source 262 pro- 
duces white light that ie filtered by color filters 264 jq 
which each project a different spectral range of 
frequencies. Sach of these filters 264 has a t\vo 
dinrjensional surface that overlays the LCD matrixes 
266. LCD matrixes 266 are also illustrated in Figure 
26. LCD matrixes 266 comprise three individual fs 
matrix arrays 268. 270 and 272, which are individ- 
ually controlled t^y a control signal schsfnallcaily 
llfuetrated by contacts 274, to provide an inr^age for 
each separate color of the three primary colors. Of 
course, any nunrtber of matrixGs can be used to 20 
provide any number of colors desired, although, 
only th© three primary colors are necessary to 
provide a full color display. Each LCD matrix dis- 
play fs capable of tranemitting a pre-determined 
amount of radiation of each spectra) band at each 25 
spatial location of each individuaf matrix element in 
a continuously variable fashion that is controlled by 
the image controi Signal 274. The LCD matrices act 
as light shutters and are deposited using pho- 
tolithography deposition precision that allows for 30 
very high resolution images. Additionally, tfiey can 
be deposited on a monolitfiic substrate which al- 
lows the matrices to be aligned with the optical 
beams very easily, provides a very uniform elec- 
trical responsivity across each matrix, as weil as 3S 
between different colors (different matrices), and is 
easy and inexpensive to manufacture. The three > 
two-dimensional beams are precisely combined in 
the optical component 260 so that each of the 
optical beams 274, 276 and 27d. has an equal 40 
optical padi length. The single spectrally and spa- 
tially combined beam 280 is then focused by lens 
282 on a pn:jection screen 284 which can be 
designed for viewing either from the front or back 
sides. Lens 282 Is schematic in nature and most 4S 
likely will comprise at least a two element lens For 
projection onto screen 284. 

An advantage 1f the projection device illus- 
trated In Figure 25 Is that each pixel element is a 
supernmposltion of each of the three colors. In 50 
other words, each pixel Is a color composHa of all 
three colors. This differs significantly from typical 
color CRT screens wherein each pixel is a separate 
color (hat the eye optically integrates into a single 
combined color pixel. In accordance with the se 
present invention, a much sharper image is pro- 
duced since there is a convergence of all three 
colors tn each pixel element. Furthermore, typical 



color CRT screens require a shadow mask to sepa- 
rate each Individual color pixel. Since the present 
invention has complete color convergence of each 
pixel, shadow masks are not necessary and much 
greater picture darity can be obtained. Most impor- 
tantly, the projection device of the present inven- 
tion does not produce the harmful X-rays that are 
produced by CRTs. 

Alternatively, the device of Figure 25 can be 
used as a projection device for projecting an image 
on a recording medium. In other words, projection 
screen 284 can comprise a recording medium rath- 
er than a projection screen so that images can be 
recorded in both dimensions simultaneously rather 
than in a single dimension in a serial fashion such 
as is illustrated in Figure 23. Moreover, the LCD 
matrix 266 can be replaced by a series of light 
emitting diode matrixes such that the filters 264 
and illumination source 262 can be eliminated. In 
this case, each LED matrix 2S8, 270 and 272. 
would produce a different spectral range of fre- 
quencies. 

Figure 27 is a schematic isometric view of an 
implementation of the optical component 286 of the 
present invention employed as a two dimensional 
color optical component system that could be em- 
ployed, for example, In a color camera. As illus- 
trated In Figure 27. lens 238 focuses an image 
from an object plane 290 through an aperture de- 
vice 292 that determines the field of view of the 
color camera device illustrated In Figure 27. The 
image from the object plane 290 is focused onto an 
image plane on which three matrixes of detectors 
2fi4, 296, and 298. are disposed to detect the 
individual colcr beams that are separated by op- 
tical component 286. Optical component 286 is 
shown constructed as a prism 310 having optical 
spacer plates 300. 302, 304, and 306 attached 
thereto. Of course, any of the optical component 
devices disclosed herein can be used in place of 
optical component 286. illustrated in Figure 27. 
depending uoon the precision and expense de- 
sired. A clear advantage of the implementation of 
the present invention illustrated in Figure 27 is that 
each of the detector matrixes 294. 296. and 298. 
can be located in the same plane and adjacent to 
each other so that they can be ccnstructed on a 
monolithic substrate. This eliminates many allgn- 
msnt problems lhat are associated vvith standard 
prior art dichrolc prism devices and provides a 
uniform output so that each color intensity need not 
be individually adjusted for each use or during the 
course of use of the camera. Because each cf the 
matrbces of detectors 294. 296. and 298, are b- 
cated on the same substrate, nearly unHonti tern- 
perature gradient provides for nearly identical vari- 
ations in output intensity of the signals from the 
detectors. 
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Figure 28 comprisos a schemattc side view of 
a color camera device, such as illustrated In Figure 

27, that uses the spaced plate implementation, 
such as illustrated in Figure 21 and Figure 25. for 
the optical component 312. As illustrated in Figure 

28. an aperture dey^ice 314 restricts the field of 
view of an image that is focused by lens 316 onto 
the three matrix detector 318. 320« and 322. Optical 
components 312 split the single optical beam 324 
into three separate color beams 326, 323, and 330. 
having equal optical path lengths, in the manner 
described previously. 

Figure 29 iilustrates the three matrix detector 
318, 320, and 322 that are mounted on a mono- 
lithic substrate 332 to provide a uniform color out- 
put signal. 

Figure 30 Illustrates an eieclronic colored filter 

device ror filtering an input optical beam 334 pro- 
duced by an Illumination source 336 that is Imaged 
through a pinhole or line aperture 351 In an ap- 
erture plate 338 to form a llltensd output optical 
beam 336, Input optical beam 334 is focused by 
lens 340 through the spectral beam splitter 342 
onto an aperture plane 344 on vvtiich a number of 
aperture devices, such as LCD shutters 346, 348, 
and 350, are disposed to vary the throughput of 
nght in response to an electrical control signal. LCD 
shutters 346, 348. and 351, can comprise either 
single pinhole apertures or can comprise a linear 
array depending upon whether aperture 351 com- 
prises a pinhole aperture or a line aperture. The 
resultant beams that are projected through the LCD 
shutters 346. 348. and 350, have an intensily that is 
adjusted by the eiectricai control signal that con- 
trols the opacity of the LCD shutter devices. These 
beams are then precisely combined by spectral 
combiner 352 and focused by lens 354 to produce 
the single combined output beam 338 that is both 
spatially and spectrally combined and adjusted in 
spectral content in accordance wHh the electronic 
control signal. Again, any number of color beams 
can be produced In the device illustrated in Figure 
30 together with a corresponding number of shutter 
de^/ices to provide additional control of Ihe spectral 
content of output beam 336. Also, any type of 
shutter device can be used in place of the LCD 
Shutters 346. 348. and 350. Additionally, the in- 
dividual spectral beams can be produced in any 
desired manner and it is not necessary tiiaf the 
beamsplitter 342 be employed. 

Figure 31 comprises a schenutic side view of 
a multiple channel fiber optic communiceiion de- 
vice 360. Fiber optic oommunicatron devices allow 
transnnission of high bandwidth information across 
a fiber optic such as fiber optic 382. This allows for 
high frequency modulation of an optical source 
such as laser diode. Laser diodes can be switched 
in the megahertz frequency range. However, the 



demodulated signal at the receiving end constitutes 
a single station signal since only one canier fre- 
quency is transmitted through the fiber optic. 
The present invention, as disclosed In Rgure 
6 31, overcomes these disadvantages and limitations 
by providing multiple carrier signals In the form of 
plurality of spatially and spectrally separated 
beams that have been combined into a single 
combined beam. As Illustrated in Figure 31. an 

to optical generator 364 contains a plurality of Individ- 
ual and spatially separated optical generators 366. 
368, and 370, each having a different spectral 
range. Each of the indMduai optical generators 
366. 368. and 370. Is modulated separately by a 

15 separate communication signal via electrical con- 
nectors schematlcaity Illustrated as connectors 372. 
The optical component 374 of the present invention 
is aligned to combtne the individual beams pro- 
duced by optical generators 366. 368. and 370, Into 

20 a single combined tseam 376. The single combined 
beam is then focused by way of lens 378 into a 
beam 380 onto the end of a fiber optic 362 for 
transmission to a remote location. 

At the remote location, as iliustrated in Rgure 

26 31. the combined spectral beam is transmitted as 
shown at 332 from fiber optic 362 and focused by 
lens 364 through the optical component 386 of the 
present invention onto a plurality of photo detectors 
388. 3dO» and 392. The optical component 386 

30 Spatially and spectrally separates the combined 
beam 382 into its spectral components that are 
individually focused on photo detectors 388, 390. 
and 392. Alignment of the optical component 386 
and selection of the dichroic filter layers allows for 

35 accurate separation of each of these spectral 
bands that is produced by optical generators 366. 
368. and 370, onto photo detectors 388. 380, 382. 

The device of Figure 31 allov\rs for transmission 
of multiple channels on a single fiber optic 362 by 

40 virtue of the ability to spatially combine a plurality 
of individual beams having different spectral ranges 
for transmission across fiber optic 362 and subse- 
quently separate the optical beam into its spectral 
components at the receiving end. In this manner. 

45 the present invention provides the ability to trans- 
mit multiple carrier bands on a single fiber optic. Of 
course, as many spectral bands as desired can be 
transmitted and the present invention is ideally 
suited for transmitting multiple specb^l bands since 

50 the dichroic layers can be designed as notch filters 
to reflect and transmit very narrow spectral bands. 
Additionally, the optical signal can be generated by 
any desired optical source including the aperture 
device 344 iliustrated in the electronic filter dis- 
ss closed in Rgure 30. Also, the optical source 364 
can comprise a series of line generators or a matrix 
of generators that can be focused by lens 373 onto 
an array of fiber optrc cables to facilitate transmis- 
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sion avar fnultipid fiber optic cables in a $\mp\Q 
and easy manner. 

Rgure 32 schematically filustrates the u$e of 
multiple laser sources 394. 396 and 398, which can 
comprise solid state lasars or gaseous lasers de* s 
pending upon the application of the optical source. 
As illustrated in Figure 32, laser 394 is capable of 
generating a red beam 400 while laser 39B gen- 
erates a blue beam 402 and laser 388 generates a 
green beam 404. Again, as many diffa^t optical lO 
sources can be used as desired to produce as 
many beams as required. Laser sources can be 
used In any of the applications of the present 
invention lltustrated herein. For example, gaseous 
lasers may be required to produce sufficient power j5 
for transmission over extended distances over a 
fiber optic 362. as illustrated in Rgure 31. Addifion* 
ally, it may be advantageous to use gaseous lasers 
In the vanous projection systema. such as the 
projection system illustrated in Rgure 25, to pro- 20 
duce sufficient illumination of the projection source. 
Also, color holograpiiic projection or recording may 
be implemented using lasers. 

Figure 33 shows an alternative implementaticn 
of Hie device illustrated in Figure 31. As Illustrated 25 
in Rgure 33. an optical generator 406 capable of 
generating a plurality of spectral beams Is com- 
bined Into a single beam 408 by (ens 411. Lens 
410 combines the individual spectral beams into 
the single combined beam 418 and focusss the ^0 
single combined beam 408 on the end of fiber 
optic 412. The invention ra then Implemented in 
substantially the same manner as described in 
Rgure 31 at the receiving end to spatially separate 
the combined beam 414 by way of optical compo- 3$ 
nam 416. Each of the individual spectral beams is 
focused onto a photo detector 418 by way of lens 
420. Because the optical path lengths of each of 
the individual beams is not cridcal. due to the fact 
that each spectral beam comprises an individual 40 
carrier band, it is not essential that both composite 
dichroic devices 422 and 424 be employed to 
separate the coml»ned beam 414. Hence, only a 
single composite dichroic device, such as dichroic 
device 424, is necessary in accordance with the 4S 
invention illustrated in Rgure 33. 

The present invention therefore provides bcth 
an optical separator device as well as an optical 
combiner device which can be employed in a num- 
ber of unique implementations. The composite so 
dichroic layer devices of the present Invention can 
be employed in a number of different ways with a 
wide range of variables to produce the desired 
results and optical quality. The present invention is 
capable of inexpensively combining or separating $5 
individual substantially parallet spectral beams 
v^hich eliminates many of the problems involved 
with alignment of components. Additionally, con- 



struction techniques of the optical component are 
greatly simplified over prior art devices, such as 
dichroic prisms, allowing for an optical component 
capable of proouclng comparable or better optical 
quality at only a fraction of the cost of dichroic 
prisms. 

The foregoing description of the invention has 
been presented for purposes of illustration and 
description. It is not intended to be exhaustive or to 
limit the invention to precise form disclosed, and 
other onodifications and variations may be possible 
in tight of tiie above teachings. The embodiment 
was chosen and described in order to best explain 
th9 principles of the invention and its practical 
application to thereby enable others skilled in the 
art to best utilize the invention in various embodi* 
ments and vanous modifications as are suited to 
ti^e particular use contemplated, it is intended that 
tiie appended claims be construed to include other 
alternative embodiments of the invention except 
insofar as limited by tiie prior art. 



Claims 

1. A color imaging detector device for generat- 
ing a color electronic image signai representative 
of a color image fomned from an image beam (324) 
focused on an imaging plane comprising: 
imaging means (319) for fbcu»ng said color image 
beam (324) on said imaging plane; 

epectirat separator means (312) disposed between 
said imaging means (316) arKi said imaging plane 
for spatially and spectrally separating said color 
image beam (324) into plurality of optical beams 
(326.328.330) such that each of said plurality of 
optical beams has a predetermined spectral range 
and optical axes that have optica! path lengtiis that 
are substantially equal to said imaging plane, said 
spectral separator means comprising: 
first composite dichroic means for spatially and 
specti^ally separating said color image beam Into 
said plurality of optical beams so that each of said 
plurality of optical beams (328,328.330) has a pre- 
determined spectral range and said optical axes 
are substantially parailei; second composite dich- 
roic means for equalizing said optical patii lengths 
of said optical axes of each of said plurality of 
optica) beams (326,328,330) to sad imaging plane; 
area array detector means (313.320.322) aligned 
with each of said plurality of optical beams on said 
imaging plane for generating a separate color elec- 
tronic image signal for each of said plurality of 
optical beams. 

2. The color image detector device of claim 1 
wherein said ares array detector means comprises 
photodetector matrix array means (332). 
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3. The color image detector device of claim 2 
wherein said photo-detector matrix array means 
r332) comprises CCD arrays. 
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